Cooperation and conflict in conspecific brood parasitism : an alternative reproductive tactic by Jaatinen, Kim
Cooperation and conflict in conspecific brood parasitism, 
 an alternative reproductive tactic   
KIM JAATINEN 
Helsinki 2009 

  
Cooperation and conflict in conspecific brood 
parasitism, an alternative reproductive tactic 
 
 
KIM JAATINEN 
 
 
 
 
 
Department of Biological and Environmental Sciences 
University of Helsinki 
Finland 
 
 
 
Academic dissertation 
 
 
To be presented, with the permission of the Faculty of Biosciences of the 
University of Helsinki, for public criticism in Auditorium 2 in Viikki Building B 
on May 8th 2009 at 9 a.m. 
 
Helsinki 2009 
© Kim Jaatinen (Chapter 0, I, IV) 
© Wiley-Blackwell (Chapter II) 
© Finnish Zoological and Botanical Publishing Board (Chapter III) 
 
Layout: Kim Jaatinen 
Cover illustration “Who’s egg?” by Hanna Laakkonen 
 
Author’s address: 
ARONIA Coastal Zone Research Team 
Åbo Akademi University &  
Novia University of Applied Sciences 
Raseborgsvägen 9 
FI-10600 Ekenäs 
Finland  
 
e-mail: kim.jaatinen@gmail.com 
 
ISBN 978-952-92-5400-2 (paperback) 
ISBN 978-952-10-5467-9 (PDF) 
http://ethesis.helsinki.fi 
 
Helsinki University Printing house 
Helsinki 2009 
Cooperation and conflict in conspecific brood parasitism, 
an alternative reproductive tactic 
 
KIM JAATINEN 
 
 
 
 
This thesis is based on the following articles, which are referred to in the 
text by their roman numerals: 
 
I Jaatinen, K., Lehtonen, J. & Kokko, H. 2009. Strategy selection under 
conspecific brood parasitism: an integrative modelling approach. (Manuscript) 
 
II Jaatinen, K., Jaari, S., O’Hara, R. B., Öst, M. & Merilä, J. 2009. Relatedness 
and spatial proximity as determinants of host-parasite interactions in the 
brood parasitic Barrow’s goldeneye (Bucephala islandica). (Molecular Ecology, 
in press) 
 
III Jaatinen, K., Waldeck, P., Öst, M. & Andersson, M. 2009. Clutch desertion in 
Barrow’s goldeneyes (Bucephala islandica) – effects of non-natal eggs, 
environment and host female characteristics. (Annales Zoologici Fennici, in 
press) 
 
IV Jaatinen, K., Öst, M., Jaari, S. & Merilä, J. 2009. Old Barrow's goldeneye 
females receive more parasitic eggs, hatch larger clutches and enjoy higher 
brood success. (Submitted manuscript) 
      
    I II III IV 
Original idea  KJ KJ KJ KJ, MÖ 
Methods  HK, JL, KJ SJ, KJ, BOB, JM PW, KJ, MA SJ, JM, KJ 
Data collection   KJ KJ KJ 
Data analyses / Modelling JL, KJ, HK KJ, BOB KJ, MÖ KJ, MÖ 
Manuscript preparation KJ, JL, HK KJ, SJ, BOB, MÖ, JM KJ, MÖ, PW, MA KJ, MÖ, JM 
Contributions 
KJ – Kim Jaatinen, MÖ – Markus Öst, HK – Hanna Kokko, JL – Jussi Lehtonen, 
SJ – Sonja Jaari, BOB – Robert B. O’Hara, JM – Juha Merilä, PW – Peter Waldeck, 
MA – Malte Andersson 
Supervised by: 
Dr. Markus Öst, Åbo Akademi University & Novia University of Applied Sciences, Finland 
Prof. Ronald C. Ydenberg, Simon Fraser University, Canada 
 
Reviewed by: 
Dr. Kjell Larsson, Gotland University, Sweden 
Dr. Kai Lindström, Åbo Akademi University, Finland 
 
Examined by: 
Dr. Hannu Pöysä, Finnish Game and Fisheries Research Institute, Finland 
Contents 
Summary......................................................................................... 7 
Introduction............................................................................... 7 
A mixed bag of babies: the function and occurrence of CBP.................. 8 
Explanations past and present..................................................... 10 
Host costs inflicted by CBP......................................................... 11 
Routes to benefits from CBP....................................................... 12 
Aim of the thesis..................................................................... 13 
Methods.................................................................................... 14 
Study species......................................................................... 14 
Study area............................................................................. 14 
Field data.............................................................................. 14 
Laboratory analyses.................................................................. 15 
Theoretical modelling............................................................... 15 
Main results and discussion............................................................ 16 
Strategy selection (I)................................................................ 16 
Behaviour of hosts and parasites (II).............................................. 18 
Nest desertion and CBP (III)........................................................ 21 
Age and CBP (IV)..................................................................... 23 
Implications and future prospects.................................................... 26 
Methodological implications........................................................ 26 
Unresolved issues.................................................................... 26 
Concluding remarks.................................................................. 27 
Acknowledgements...................................................................... 29 
Literature cited.......................................................................... 31 
 
Chapter I......................................................................................... 41 
Chapter II........................................................................................ 63 
Chapter III....................................................................................... 81 
Chapter IV....................................................................................... 95 
“I know of no pleasure deeper than which comes from contemplating 
the natural world and trying to understand it” 
 
  — David Attenborough 
 
 7 
 
1. Introduction 
 
Interactions among individuals give 
rise to both cooperation and conflict 
(Hamilton 1964, Reeve 2000, West et 
al. 2002, Griffin et  al. 2004). 
Individuals will behave selfishly or 
altruistically depending on which gives 
the higher payoff (e.g. Dugatkin 2002, 
McNamara et  al. 2006). The 
reproductive strategies of many 
animals are flexible and several 
alternative tactics may be present 
from  which  the  most  suitable  one  is  
applied.  The  selection  of  a  tactic  
depends not only on the social and 
eco log ical  ci rcumstan ces the 
individual  faces,  or  its  state,  such  as  
e.g. age or bodily condition (e.g. 
Brockmann 2001, Skubic et  al. 2004, 
Öst et  al. 2007),  but  also  on  the  
behaviour of others (e.g. Taborsky 
2001, Formica et al. 2004). 
Furthermore, the frequency at which 
specific  tactics  are  employed  in  a  
population may affect the relative 
fitness benefits afforded by each of 
the tactics (e.g. Eadie & Fryxell 1992). 
Thereby, groups of individuals are 
seldom  able  to  behave  in  a  manner  
yielding optimal per capita fitness, 
and although individual-level 
selection may reduce the reproductive 
output  of  the  group  as  a  whole  
(Rankin 2007), behaviourally flexible 
individuals may reach the highest 
achievable relative fitness (Brockmann 
2001). 
 Alternative reproductive tactics 
are discrete behavioural variants that 
serve the same functional end and are 
exhibited in  a  population by adults  of  
one  sex  (Brockmann  2001).  The  word  
alternative in ‘alternative reproductive 
tactics’ refers to a discontinuity of 
tactics either within a population or 
within an individual (Oliveira et al. 
2008). In other words, tactics differ 
between individuals (e.g. Kotiaho & 
Tomkins 2001, Tuttle 2003, Bleay et 
al. 2007), or individuals may modify 
their tactics (e.g. Brockmann 2002, 
Correa et  al. 2003, Öst et al. 2007). 
These alternative reproductive tactics 
are means by which individuals may 
fine-tune their fitness to the reigning 
circumstances and which are shaped 
by the environment individuals are 
occupying as well as by the behaviour 
of other individuals sharing the 
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environment (e.g. Taborsky 2001, 
Formica et  al. 2004). Generally, 
alternative reproductive tactics may be 
defined as a response to competition 
from  individuals  of  the  same  sex  
(Oliveira et al. 2008). By employing 
alternative means of achieving 
reproductive output, individuals may 
alleviate competition from others 
(Oliveira et al. 2008). 
 Common discontinuities of 
tactics in the context of reproduction 
are territoriality vs. floating or 
primary access to a resource vs. 
parasitism (Brockmann 2001, I). 
Evolved decision making rules guide 
animals  in  their  allocation  of  
resources to one of the several ways of 
achieving the same functional end 
(Brockmann 2001). A specifically 
intriguing avenue of research is the 
study of decision making in animals. 
The presence of alternative tactics 
gives insights to decision making and 
the factors affecting tactical choices 
made by animals (Brockmann 2001; I, 
II, III). 
 Traditionally, life-history theory 
has viewed all individuals of the same 
sex  in  a  given  species  as  identical  by  
character (McNamara et al. 1999). This 
is ,  however,  a  coarse over-
simplification of the true variation in 
individual condition, age and quality, 
all  of  which  factors  affect  the  
tendency of individuals to cooperate 
with one another, thus influencing the 
evolution of alternative reproductive 
tactics (McNamara & Houston 1996, 
McNamara et al. 1999, Komdeur 2006). 
Furthermore, genetic similarity, 
kinship or relatedness, between 
individuals is a factor having a 
profound effect on the behavioural 
tactics of animals (Koprowski 1996, 
Reeve 2000, Buston et al. 2007). The 
more closely related individuals are, 
the less they benefit from truly 
harming one another, while at the 
same time tolerating abuse from one 
another more readily (Reeve 2000). 
This creates a potential paradox with 
respect to conflict resolution (Zink 
2000, Andersson 2001, Semel & 
Sherman 2001, Lopez-Sepulcre & 
Kokko 2002, Pöysä 2004). 
 With this summary, I will briefly 
introduce the reader to conspecific 
brood parasitism (CBP), after which I 
will  point  out  the  elements  of  
cooperation and conflict that are 
present and their evolutionary 
consequences.  I  will  then  move  on  to  
introducing the specific questions 
addressed  in  this  work  and  relate  the  
main  f indings  to  the  topics  
introduced. Finally, I will discuss 
pertinent unresolved questions 
brought  out  by  the  work  at  hand  as  
well as suggest future studies to 
resolve them. 
 
A mixed bag of babies: the function 
and occurrence of conspecific brood 
parasitism 
 
Conspecific brood parasitism (CBP) is 
an alternative reproductive strategy 
found in several egg laying animal 
groups, including fish, insects, 
amphibians and birds (reviewed by e.g. 
Field 1992, Brockmann 1993, 
Wisenden 1999, Yom-Tov 2001, 
Tallamy 2005, Lyon & Eadie 2008), and 
it  is  especially  common  among  
waterfowl (Yom-Tov 2001). Within 
 9 
 
this alternative reproductive strategy, 
four reproductive options can be 
identified. These four options 
represent a continuum from low 
reproductive effort coupled with low 
fitness returns, to high reproductive 
effort and consequently high benefits 
(figure 1). Non-nesting females 
practise the lower two options where 
they either skip breeding altogether or 
exclusively parasitize others. In some 
species almost all parasitism seems to 
be by such non-nesting females 
(Forslund & Larsson 1995, Waldeck et 
al. 2008). Nesting females practise the 
two options requiring the most effort 
but also providing sizeable fitness 
benefits, where individuals either 
breed themselves without parasitizing 
others or combine parasitism with 
normal nesting. In some species, such 
as goldeneyes (Bucephala spp.), a large 
proportion of parasitism is by nesting 
parasites (NP) (II). 
 The reproductive effort of NP 
has been thought to be substantial 
and  thus  only  superior  females  can  
employ this ‘high effort-high rewards’ 
tactic. The benefits of NP may in some 
cases be sizeable, and it has been 
suggested that some high quality 
females may be able to double their 
reproductive output by employing an 
NP tactic (Åhlund & Andersson 2001). 
 It may not be evident how 
i n d i v i d u a l s  s h o u l d  a l l o c a t e  
reproductive effort between eggs laid 
in their own nest vs. in nests of others 
(Takasu 2004). Limited fecundity will 
naturally constrain the number of eggs 
donated  by  a  parasite  (Lyon  2003a),  
but also the tendency for hosts to 
accept parasitic eggs may affect the 
allocation decision. The developmental 
mode of young may play a role in the 
evolution of host defences against CBP 
and have implications on host egg 
acceptance. Altricial species may have 
evolved sophisticated defences against 
parasitism  due  to  the  high  costs  of  
caring for an enlarged brood. 
American  coots  (Fulica americana), 
which have semi-altricial offspring 
that need to be fed after hatching, 
suffer greatly from CBP due to 
expensive brood care, and have 
evolved a capability to recognize and 
reject  foreign  eggs  (Lyon  2003b,  Lyon  
2007). Precocial species, on the other 
hand, may suffer less from CBP 
Figure 1. The four reproductive options available within CBP life histories. The arrows indicate 
rising effort and fitness when moving from non-nesting to nesting and on to nesting parasitism, 
and contrastingly increasing constraints on individuals when moving in the opposite direction. 
Under the highest constraints on reproduction, individuals skip breeding altogether. (Modified 
from Sorenson 1991 and Lyon & Eadie 2008) 
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because  of  a  relatively  low  cost  of  
brood  care,  and  this  may  be  a  reason  
for  the  near  absence  of  documented  
cases of host defences in these 
species.  The  possibility  of  kin  
selection through kin biased egg 
donation brings about further 
complexity to the allocation decisions 
of parasites (e.g. Loeb et al. 2000, 
Lopez-Sepulcre & Kokko 2002, Loeb 
2003, Waldeck et al. 2008). 
 Interspecific  avian brood 
parasitism (IBP) has attracted more 
research attention than CBP, possibly 
because CBP is more difficult to detect 
and study (Lyon & Eadie 2008). 
However, CBP poses some challenges 
and research possibilities absent in IBP 
s t u d i e s .  T h e  e v o l u t i o n a r y  
rami f i ca tions  of  pa ras i tiz ing  
conspecifics are altogether different 
because the genes coding for parasitic 
behaviour are also present in the 
counterpart of the interaction (Lyon & 
Eadie  2008),  and adding to  this  is  the  
possibility of parasitizing relatives. 
Indeed, these intricacies may be part 
of the reason for the so far rather 
wide range of scattered hypotheses 
presented in the limited but diverse 
CBP  literature.  Viewing  CBP  from  a  
life-history point of view, as an 
extension of clutch and brood size 
evolution,  has  proven  to  have  a  
clarifying and disentangling effect on 
the view of CBP (Lyon & Eadie 2008; I). 
 
Explanations past and present 
 
Males  have  been  the  prime  focus  for  
the study of alternative reproductive 
tactics (Andersson 1994), but CBP 
presents us with an opportunity to 
examine a female alternative 
reproductive strategy (Arnold & Owens 
2002). This is, however, a rather recent 
realization. More than two decades 
ago,  at  the  dawn  of  CBP  research,  the  
behaviour was considered an 
epiphenomenon and mainly proximate 
explanations where provided for its 
occurrence.  CBP  was  explained  by  
reproductive error resulting from a 
deteriorated maternal instinct, or by 
the lack of nest sites (reviewed by 
Riedman 1982, Eadie et al. 1988). It is 
recognized  today  that  some  cases  of  
CBP may indeed be the  by-product  of  
other behaviour, such as competition 
for nest sites (Semel & Sherman 2001), 
nest take-over or egg adoption 
(Robertson 1998 ,  Waldeck  &  
Andersson 2006). The main body of 
later studies, including the early 
pioneering work of Andersson and 
Eriksson (1982), have stacked the 
evidence in favour of explaining CBP 
as an alternative and adaptive 
reproductive tactic. 
 Current explanations of CBP are 
diverse and until recently lacking an 
overarching framework in which to fit 
the scattered results (Lyon & Eadie 
2008). The studies, nonetheless, show 
many adaptive routes to benefits from 
CBP. Some studies have focused on 
demonstrating how parasite behaviour 
has evolved to maximize the benefit to 
parasites (Lyon 1993b, Pöysä 1999, 
Pöysä 2006, Pöysä & Pesonen 2007). 
Others  have  shown  that  CBP  is  
selectively neutral to hosts and 
therefore thrives as a reproductive 
tactic in parasites (Larsson et al. 
1995), while still others have shown 
routes to benefits for both parasites 
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and hosts alike (Eadie & Lumsden 
1985, Andersson & Åhlund 2000, 
Andersson 2001, Lopez-Sepulcre & 
Kokko 2002, Loeb 2003, Roy Nielsen et 
al. 2006b, Waldeck et  al. 2008). These, 
and later studies (e.g. I, II), showing 
ever increasing evidence for the 
adaptive basis of CBP, have rendered 
the epiphenomenon hypothesis 
inadequate as a general explanation 
for the presence of CBP. 
 Although the evidence in favour 
of an adaptive basis for CBP has been 
increasing, explaining the evolution 
and maintenance of CBP has proved to 
be rather difficult. The reasons for 
this may be several, but one likely 
explanation is that the details and 
nature  of  tactics  vary  depending  on  
the reigning ecological and social 
circumstances (Lyon 1993a, Waldeck 
et al. 2008; I). Such complicating 
circumstances may be species-specific 
fecundity (Arnold & Owens 2002), the 
developmental mode of offspring 
regulating the cost of CBP to hosts 
(Lyon 1993a), the presence or absence 
of  means  to  deter  parasitism  such  as  
egg recognition and rejection (Lyon 
2003b, Lyon 2007),  or the presence or 
absence of host-parasite kinship 
regulating the indirect payoffs to 
hosts (e.g. Andersson & Åhlund 2000, 
Andersson 2001, Lopez-Sepulcre & 
Kokko 2002; I, II).  CBP  may  thus  
represent a truly parasitic strategy in 
one species (Lyon 1993a), while more 
cooperative  components  to  the  
behaviour may be present in another 
(Andersson & Waldeck 2007, Waldeck 
et al. 2008). Currently, there may not 
be a consensus for the exact nature of 
CBP to overarch the entire taxonomic 
width displaying the behaviour, but 
understanding the rules dictating the 
occurrence of pure parasitism or 
cooperative behaviour may provide a 
first step towards such a consensus (I). 
It is therefore important to study the 
distinct patterns of CBP in a variety of 
species,  to  clarify  the  basis  for  the  
variation – both individual and 
taxonomic – in the nature of CBP. 
 
Host costs inflicted by CBP 
 
A low or moderate cost of parental 
care has been suggested as the reason 
why  CBP  occurs  so  frequently  in  
precocial species (Rohwer & Freeman 
1989, Arnold & Owens 2002). 
Compared  to  the  brood  care  of  many  
altricial passerines, the post-hatch 
parental effort of precocial waterfowl 
is considered markedly less costly 
because  their  main  form  of  care  is  
vigilance for predators and guidance 
to food, the costs of which may not 
increase  with brood size  and are  thus 
considered ‘unshared’ forms of 
parental investment (Lazarus & Inglis 
1986, Ruusila & Pöysä 1998, Tinkler et 
al. 2007). Nevertheless, some studies 
have  shown  that  the  costs  of  post-
hatching parental care are positively 
related to brood size also in waterfowl 
(Lessells 1986, Milonoff et  al. 2004). 
C o n s i d e r i n g  t h a t  th e r e  a r e  
demonstrable costs of post-hatching 
parental  care  in  waterfowl,  it  is  
conceivable that a large brood 
resulting  from  CBP  may  incur  costs  
also after hatching. 
 In contrast to the relatively scant 
evidence of costs associated with 
post-hatching brood care, the relative 
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cost of egg production and incubation 
compared to brood-rearing may be 
larger in precocial waterfowl than in 
nidifugous birds (but see Milonoff & 
Paananen 1993, Hanssen et  al. 2005). 
Precocial species generally exhibit 
uniparental incubation, whereas 
biparental incubation is more common 
in altricial species (Temrin & Tullberg 
1995). Precocial parents may therefore 
be more constrained from leaving the 
nest to replenish dwindling bodily 
reserves than altricial parents, who 
simply take turns in feeding and 
incubating. The addition of extra eggs 
by  parasitically  laying  females  may  so  
incur additional costs to the incubating 
host. Indeed, several studies have 
found increased incubation costs of 
enlarged clutches (Hanssen et  al. 2003, 
Hanssen et  al. 2005). These costs 
include reduced hatchability of the 
eggs (Fernandez & Reboreda 2007), 
reduced immunocompetence (Hanssen 
et al. 2005), lowered fecundity 
(Hanssen et  al. 2005, de Heij et al. 
2006)  or  lowered  survival  of  the  
incubating parent (de Heij et al. 2006). 
It may therefore be beneficial, in some 
situations, to mitigate the costs 
imposed  by  the  enlarged  clutch  and  
abandon it (III), in order not to 
jeopardize expected future fecundity. 
Low-quality individuals may be 
especially prone to desert their clutch 
in the face of clutch enlargement 
(Hanssen et al. 2003; but see III). 
 
Routes to benefits from CBP 
 
Assuming that hosts do not invariably 
reject all parasitic eggs, it is evident 
that avoiding parental care by laying 
parasitically in the nests of others is 
beneficial to nest parasites. Less 
evident,  however,  is  the  lack  of  host  
defences against CBP in many species. 
One  possible  explanation  for  such  a  
lack of defences may be the presence 
of benefits also to hosts. The term CBP 
in  its  self  seems  to  refute  the  
possibility for mutual benefits to arise 
from the use of the strategy. It is 
recognized, however, that such 
possibilities do exist. An especially 
lucid example of this has been 
documented in insects, where two 
factors act in combination to provide 
benefits to hosts. Females of the lace 
bug Gargaphia solani lay  eggs  into  
each other’s nest (Loeb 2003). The 
benefits accrued by hosts are two-
fold. Firstly, parasites are very often 
sisters to the host, providing the host 
with indirect genetic benefits. 
Secondly, the enlarged clutch provides 
elevated survival probabilities for host 
young  (Loeb  2003).  In  the  case  of  
birds, there are only a few studies 
showing a direct benefit of a larger 
clutch size per se (Lepage et al. 1998), 
in contrast to the many studies 
showing benefits of having an 
enlarged brood (Munro & Bedard 1977, 
Kehoe  1989,  Cooper  &  Miller  1992,  
Williams 1994, Lanctot et al. 1995, 
Loonen et  al. 1999, Smith et  al. 2005, 
Öst et al. 2008). CBP may indeed lead 
to larger broods also in waterfowl and 
thus provide a route to benefits 
through safety in numbers (IV). 
 As the result of the development 
of new molecular tools in ecological 
research, host-parasite relatedness 
have  been  found  in  some  waterfowl  
species, which opens up the possibility 
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of indirect genetic benefits arising 
from CBP. These inclusive fitness 
benefits, providing an additional route 
to benefits from CBP, are receiving an 
increasing amount of support (Kehoe 
1989, Andersson & Åhlund 2000, 
Andersson 2001, Smith et al. 2005, 
Roy Nielsen et al. 2006a, Andersson & 
Waldeck 2007, Waldeck et al. 2008). 
How host-parasite relatedness arises 
in  the  first  place  is  still  debated.  Low  
dispersal tendency or high population 
viscosity (Queller 1994) will lead to 
elevated relatedness with increasing 
spatial proximity. Natal philopatry, 
commonly exhibited by waterfowl 
females (Anderson et al. 1992, Pöysä 
et al. 1997, Andersson & Åhlund 2000, 
Ruusila et al. 2000,  Scribner et al. 
2001, Andersson & Waldeck 2007), 
elevates local relatedness among 
individuals (Chesser 1991, Koprowski 
1996, Ratnayeke et  al. 2002). This may 
either provide opportunity for 
cooperation (Queller 1994, van Baalen 
& Rand 1998, Griffin et al. 2004, 
Foster et al. 2006), or may elevate the 
risk of related individuals harming 
one another (Mitteldorf & Wilson 2000, 
West et  al. 2002, Griffin et al. 2004). 
I n v e s t i g a t i n g  h o s t - p a r a s i t e  
relatedness in relation to average 
relatedness among breeders in the 
surrounding population thus provides 
a unique opportunity to investigate 
conflict resolution among relatives. 
 Although natal philopatry may 
at least in theory explain host-parasite 
relatedness, this null hypothesis has 
not received considerable support 
from field studies (Andersson & 
Åhlund 2000, Andersson & Waldeck 
2007, Waldeck et  al. 2008; II). An 
alternative explanation for host-
parasite relatedness is kin recognition, 
where individuals are actively able to 
seek out their relatives and lay eggs in 
their nests. There is some empirical 
support  for  th is  mechanism 
(Andersson & Åhlund 2000), but more 
research is needed to clarify how 
host-parasite relatedness arises. 
Although  many  cases  of  CBP  are  
certainly truly parasitic (e.g. Lyon 
1993a, Lyon 1993b; I),  the  cases  in  
which host and parasite are related, 
may indeed represent cooperative 
behaviour between host and parasite 
(An d ers son  &  Åh lu nd  2000 ,  
Andersson 2001, Lopez-Sepulcre & 
Kokko 2002, Waldeck et al. 2008; I). 
 
Aim of the thesis 
 
In this thesis, I view the seemingly 
paradoxical effects of kinship on 
conflict resolution in the context of 
alternative reproductive tactics, 
examining the resulting features of 
cooperation and conflict. This 
disparity will form the over-arching 
theme of my work, while conspecific 
brood parasitism (CBP), a well-known 
alternative reproductive tactic, sets 
the stage for investigating these 
questions. By using both empirical and 
theoretical approaches, I examine the 
nature  of  CBP  in  a  brood  parasitic  
duck, the Barrow's goldeneye 
(Bucephala islandica). Another central 
theme of my thesis work is to consider 
the potential effect of individual 
quality, particularly variation related 
to  age  and  condition,  on  the  
expression of CBP tactics, controlling 
for  r e l eva n t  ec o l og i ca l  an d  
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environmental factors that may affect 
the outcome of interactions between 
individuals. 
 
 
2. Methods 
 
Study species 
 
The empirical parts of this study focus 
on the breeding biology of female 
Barrow's goldeneyes (II, III, IV). This 
species is especially well suited for 
studying CBP and indeed the genus 
Bucephala has become a model system 
for  the  study  of  CBP  due  to  the  
prevalence of the tactic and due to the 
fact that all three species in the genus 
readily nest in boxes. This feature 
enables researchers to locate nests 
more easily and therefore it is feasible 
to monitor the majority of nests 
within  the  study  area  (III). The 
Barrow's goldeneye is a medium-sized 
sea duck breeding mainly in western 
North America, but small populations 
reside also in eastern Canada and 
Iceland. 
 North American Barrow's 
goldeneyes  pair  on  their  coastal  
wintering areas and arrive on the 
breeding grounds in early April, 
shortly after the lakes and ponds have 
been freed from ice. Nesting is 
initiated shortly after arriving and 
males defend a territory close to the 
nest during the egg laying-period 
(Savard 1988). Males leave the territory 
shortly after the female commences 
incubation of her clutch. Females 
usually lay 7 to 10 eggs in their nests. 
CBP  is  very  common  in  this  species  
(Eadie 1989; II, III, IV) and total clutch 
sizes  can  contain  up  to  21  eggs  
(personal observation). Nesting 
females usually also lay 0 – 3 parasitic 
eggs, but may lay as many as 7 eggs 
parasitically (own data; II). Females 
incubate the clutch for approximately 
30 days, after which the hatched 
young leave the nest within 24 – 48 
hours. Females guard the brood for 4 – 
8 weeks and the ducklings fledge 
approximately at the age of 60 days 
(Eadie & Lyon 1998). 
 
Study area 
 
Breeding Barrow's goldeneyes were 
studied at Riske Creek, close to the 
town of Williams Lake (51° 52’ N, 122° 
21’W), British Columbia, Canada, 
during  the  breeding  seasons  2004  –  
2007. The study area consists of a 15 ´ 
15 km prairie plateau interspersed 
with  a  large  number  of  ponds  and  
lakes  with  trembling  aspen  (Populus 
tremuloides) and lodge pole pine (Pinus 
contorta) stands along the shores. The 
edge of the plateau is covered by more 
continuous coniferous forest, mainly 
consisting of Douglas-fir (Pseudotsuga 
menziezii) and lodge pole pine. 
Immediately prior to the breeding 
season of 2004, nest boxes were 
erected in the aspen and coniferous 
stands, as close to the shorelines of 
the wetlands as possible, resulting in a 
total of 36 ponds and lakes bearing a 
total of 127 nest boxes. Nest boxes 
were occupied from 2004 onwards. 
 
Field data 
 
I monitored in detail the breeding of 
Barrow's goldeneyes. I collected data 
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on laying dates, clutch sizes, hatch 
dates and brood sizes by monitoring 
nests on a regular basis, and eggs were 
sampled for albumen during egg laying 
or  early  incubation  (III). Nests were 
checked  daily  during  the  laying  phase  
but more seldom during the incubation 
phase,  so  as  not  to  avoid  too  much  
researcher-induced disturbance (III). 
Females were captured during the last 
week of incubation, ringed and DNA 
sampled (II, IV), and their weight, 
tarsus length, wing chord, and culmen 
length were measured. All females 
were captured late in their incubation 
in order to avoid unnecessary nest 
disturbance and in order to facilitate 
the direct comparison of female body 
conditions. Had females been captured 
at different phases of their incubation, 
this would have rendered the condition 
estimates incomparable due to 
pote nt i a l  we i ght  loss  durin g 
incubation. The ringing data from this 
study as well as those from previous 
studies  (Evans  2003)  were  used  to  
estimate female minimum age. Newly 
hatched ducklings (1-24 hours of age) 
were  DNA  sampled  (II, IV), weighed, 
and their tarsi were measured. The fate 
of nests was monitored until hatching, 
predation or abandonment and the 
fate was recorded accordingly (III). 
 
Laboratory analyses 
 
In  order  to  detect  non-natal  eggs,  I  
used isoelectric focusing over a fixed 
pH gradient in polyacrylamide gels 
(III). This technique produces distinct 
band patterns, which usually vary 
among females and reflect genetic 
differences between them (Andersson 
& Åhlund 2001, Waldeck et al. 2004). 
The application of this method for the 
study species at hand met with some 
unanticipated difficulties (see 
‘Methodological implications’; III), and 
so further identification of parasitic 
young as well as maternity assignment 
and assessment of relatedness was 
done by using 19 microsatellite loci 
developed for Barrow's goldeneyes 
(Jaari et al in press, II, IV). 
Microsatellites are powerful tools for 
genetical analyses such as relatedness 
and maternity assignment (e.g. Queller 
et al. 1993). 
 
Theoretical modelling 
 
Chapter I focuses on investigating the 
role of four factors and their internal 
connections in shaping the emerging 
CBP strategies. I here consider each 
individual to have a strategy 
consisting of three reaction norms. 
The first reaction norm dictates the 
number of eggs laid in one’s own nest 
as a function of an individual’s quality 
q .  The second reaction norm 
determines the number of eggs laid in 
other  nests,  and  the  third  one  the  
maximum  number  of  eggs  that  an  
individual  will  take  care  of  in  its  own  
nest. In our evolutionary setting, the 
fitness of an individual depends not 
only  on  the  actions  of  the  focal  
individual, but also on the actions of 
other individuals in the population. 
Th i s  complex i ty  p reven ts  a  
straightforward mathematical solution 
of  the  optimal  strategy,  which  is  why  
an invasion analysis was implemented. 
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3. Main results and discussion 
 
Strategy selection (I) 
 
Strategy selection was strongly 
affected  by  individual  quality  and  in  
the absence of egg recognition, 
produced a dichotomy between pure 
parasitism and nesting parasitism 
(figure  2a-c), where low-quality 
individuals were pure parasites and 
high-quality individuals combined 
nesting with parasitism. Such a 
pattern has been suggested by e.g. 
Lyon (1993a) as well as by Åhlund and 
Andersson (2001), though Lyon and 
Eadie (2008) argue that it is rare for 
individuals  to  employ  the  same  tactic  
all  their  life.  Our  results  show,  
however,  this  to  be  at  least  a  
theoretical possibility. In many cases 
our model produced a pattern 
common in nature: that individuals 
simultaneously (i.e. in the same 
breeding season) function as hosts as 
well as parasites (e.g. Lyon 1993a, 
Lyon 1993b, Åhlund & Andersson 
2001; II).  For  the  majority  of  
parameter values examined, the 
relative proportion of parasitically laid 
eggs was strongly quality-dependent, 
decreasing  with  increasing  quality  (I; 
figure 3a & 3b). 
 In addition, the interplay 
between relatedness and egg 
recognition was found to affect the 
CBP strategies emerging (figure 3a-c). 
In the presence of egg recognition, 
individuals engaged in actions of a 
cooperative nature only when 
relatedness was present. Although egg 
recognition has not been rigorously 
demonstrated in waterfowl, studies 
have found patterns of relatedness, 
which suggest that cooperation may 
be present (Andersson & Åhlund 2000, 
Roy Nielsen et al. 2006b, Andersson & 
Waldeck 2007, Waldeck et al. 2008). In 
0 5 10
0
5
10
15
20
N
um
be
r 
of
 e
gg
s l
ai
d 
in
 o
w
n 
ne
st
Quality class
(a)
0 5 10
0
5
10
15
20
N
um
be
r 
of
 p
ar
as
iti
c 
eg
gs
 la
id
Quality class
(b)
0 5 10
0
5
10
15
20
N
um
be
r 
of
 in
cu
ba
te
d 
eg
gs
Quality class
(c)
Figure 2. (a) The effect of individual quality and recognition on the number of eggs allocated to 
the own nest, (b) parasitically laid eggs and (c) the total number of eggs incubated. The figures 
are based on absence of recognition (solid line with square markers), and perfect recognition 
(dashed line with circle markers). In the absence of recognition a clear quality determined 
dichotomy emerges between pure parasites and nesting parasites, and the parasitic tactics 
flourish.  With  perfect  recognition  no  hosts  accepted  any  parasitic  eggs  owing  to  the  lack  of  
inclusive fitness benefits. Other parameter values: relatedness r = 0, ? = 0.1, ? = 0.2, ? = 0.98, 
where ? and ? represent the relative costs of egg laying and post-laying care, respectively, and ? 
the  upper  limit  of  the  annual  survival  probability.  For  more  details  regarding  this  figure  see  
chapter I. 
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the absence of relatedness, the entire 
parasitic strategy was unviable 
because no females would accept any 
parasitic  eggs.  This  result  may  of  
course be an extreme outcome of 
assuming perfect egg recognition 
ability, which may not be possible in 
nature. Nonetheless, this result 
supports  the  findings of  Lyon (1993b,  
2003b, 2007), where semi-altricial 
American  coots  were  found  to  
efficiently recognize eggs and discard 
parasitic  eggs,  and  so  reduce  the  
success  and  fitness  of  the  parasitic  
tactic. In addition, neither host-
parasite relatedness, nor any non-
random  host  selection  was  found  in  
this species (Lyon 1993b). At large, our 
theoretical predictions (I) agree with 
empirical findings on the relationship 
between egg  recogni tion  and 
relatedness, although our modelling 
demonstrates these patterns in an 
extreme fashion for clarity. 
 The relative costs of egg laying 
and  post-laying  care  were  found  to  
regulate the balance between 
cooperation and conflict in host-
parasite interactions, so that the 
benefits potentially accrued by 
cooperating were outweighed by 
elevated costs (figure 4). Although 
both egg recognition and relatedness 
were  present,  I  found that  in  the  case  
of  high  post-laying  care  costs,  
cooperative behaviour did not emerge. 
Because of costly brood rearing, this 
may  be  the  reason  for  absence  of  
host-parasite relatedness in American 
coots (Lyon 1993b). Furthermore, a 
reason for the evolution of an accurate 
egg recognition capability in coots 
may indeed be strong selection for egg 
rejection inflicted by costly brood care 
(Lyon 1993a, Lyon 2003b). Thereby, 
our model provides theoretical 
support for the notion that the nature 
of CBP – cooperative or truly parasitic 
– 
Figure  3.  (a)  The  effect  of  relatedness  on  the  number  of  eggs  allocated  to  the  own  nest,  (b)  
parasitically laid eggs and (c) the total number of eggs incubated. The figures are based on 
relatedness values of r =  0  (solid  line  with  square  markers)  and  0.5  (dashed  line  with  circle  
markers). In the presence of relatedness a reduction in host clutch and the presence of parasitism 
are  observed.  With  increased  relatedness  the  total  number  of  eggs  given  post-laying  care  by  
hosts decreased less than the number of eggs laid in own nests . Other parameter values are: egg 
recognition = 1 (perfect recognition capability), ? = 0.2, ? = 0.1, ? = 0.98 where ? and ? represent 
the  relative  costs  of  egg  laying  and  post-laying  care,  respectively,  and  ? the  upper  limit  of  the  
annual survival probability. For more details regarding this figure see chapter I. 
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does not depend on the presence of 
inclusive fitness benefits alone, but 
rather on the net fitness outcome of 
parasitism. This in its turn points out 
the selfish nature of the seemingly 
altruistic behaviour of host clutch 
reduction (II, IV) and egg acceptance 
(II). 
 In summary, chapter I provides a 
theoretical framework, which may 
explain  some  general  aspects  of  CBP  
strategies. By integrating previous 
knowledge about CBP behaviour with 
theory, I was able to define the 
conditions under which purely 
parasitic tactics employed by non-
nesting individuals, nesting parasitism 
and cooperative vs. parasitic CBP may 
arise. This integrative modelling 
approach shows that certa in 
combinations of central life-history 
characteristics and social and 
ecological conditions give rise to 
different CBP strategies, altering the 
nature  of  CBP  on  a  continuum  from  
cooperation to conflict. These findings 
provide insight into the reasons for 
the contrasting results found in 
previous CBP research, and may 
provide a framework that helps to 
bridge the gap between these 
seemingly contrasting results. 
 
Behaviour of hosts and parasites (II) 
 
Relatedness between hosts and 
parasites may provide opportunity for 
inclusive fitness benefits and 
cooperation within CBP. Although 
host-parasite relatedness has been 
found in some species of waterfowl 
(Andersson & Åhlund 2000, Roy 
Nielsen et  al. 2006b,  Andersson  &  
Waldeck 2007, Waldeck et al. 2008), 
the mechanism underlying the 
elevated relatedness is still much 
debated. Natal philopatry may 
passively elevate relatedness if host 
and parasite nest in the proximity of 
one another, whereas e.g. kin 
recognition may represent an active 
mechanism leading to kin-biased egg 
donation and cooperation. I examined 
the presence of host-parasite 
relatedness and explored the effects 
of  relatedness  and  distance  on  the  
behaviour of hosts and parasites. 
Figure 4. The number of eggs incubated 
assuming perfect recognition and relatedness 
r =  0.5.  Despite  positive  relatedness  and  full  
recognition, virtually no parasitic eggs are 
accepted (dotted line, square markers), and the 
number of own eggs provided with post-laying 
care  (solid  line,  triangle  markers)  very  closely  
matches the total number of all eggs cared for 
(dashed  line,  circle  markers).  In  this  scenario  
the  high  cost  of  post-laying  care  (? = 0.2) 
outweighs the potential inclusive fitness 
benefits provided by host-parasite 
relatedness, and hosts consequently 
discriminate against parasitically laid eggs. 
Other parameter values: ? = 0.1, ? = 0.98 
where ? represents the relative costs of egg 
laying, and ? the upper limit of the annual 
survival probability. For more details regarding 
this figure see chapter I. 
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 The results showed that close 
neighbours and host-parasite pairs 
were similarly related to one another, 
whereas the mutual relatedness of 
both types of pairs was significantly 
higher than that of randomly selected 
pairs from the remaining population. 
At first sight, an explanation based on 
the presence of natal philopatry seems 
sufficient to explain these findings. 
However, a detailed exploration of the 
effects of relatedness and distance on 
the behaviour of hosts and parasites 
revealed that both relatedness and 
distance, independently, increased the 
degree of parasitism (figure 5). 
 The result that distance played a 
role in the number of eggs donated by 
parasites may be interpreted in three 
not mutually exclusive ways. Firstly, 
natal philopatry may be facilitating 
proximity of related individuals. 
Secondly, it has been shown that the 
probability  of  nests  having  the  same  
fate increases with decreasing 
distance (Hannu Pöysä, personal 
comment) ,  and that  common 
goldeneyes (B. clangula) have the 
capability to assess the relative safety 
of nest sites (Pöysä 1999). The nest 
sites  in  our  study  (II) included only 
successful nests, and a closer 
examination of the data revealed that 
those nest sites were not predated 
once during the entire four-year 
study. Thereby, Barrow's goldeneye 
females  may  be  nesting  in  safe  
‘neighbourhoods’ and may be 
targeting close nests for parasitism, in 
expectation of benefits due to the high 
probability  of  the  host  nest  sharing  
the favourable fate of the parasite’s 
own nest. Thirdly, parasites may be 
laying their parasitic eggs regardless 
of host nest safety (e.g. only based on 
relatedness). Considering that distant 
nests may have a smaller probability 
of  sharing  the  favourable  fate  of  the  
parasite nest (i.e. a higher probability 
of predation), they may become 
predated prior to hatching. Such nests 
will not have been included in our 
sampling or analysis, so creating the 
effect that more eggs are donated to 
nests close to the parasite’s own nest 
through a methodological artefact. 
 Relatedness also affected the 
number of eggs donated by parasites 
and the effects of relatedness and 
distance were independent. This 
shows that relatedness is not the 
result of parasitizing hosts close by 
under natal philopatry, but that 
relatedness per se had an effect on the 
degree of parasitism. This finding 
Figure  5.  50%  and  95  %  Bayesian  confidence  
regions  for  the  regression  coefficients  from  a  
multinomial generalized linear model for the 
effects of host-parasite relatedness and 
distance  on  the  number  of  eggs  donated  by  
parasites. For more details regarding this figure 
see chapter II. 
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strongly indicates the presence of kin-
biased egg donation, the mechanism 
of which still remains unknown (but 
see Andersson & Åhlund 2000). 
 These findings are in line with 
studies on both common goldeneyes 
and  eiders  (Somateria mollissima), 
where eleva ted host-pa rasi te 
relatedness was found regardless of 
the presence or absence of natal 
philopatry (Andersson & Waldeck 
2007, Waldeck et al. 2008). In addition, 
in their study of common goldeneyes, 
Andersson and Åhlund (2000) found 
kin-biased egg  donation and 
indicative evidence of kin recognition. 
These authors suggested that the 
mechanism for kin recognition is the 
recognition of birth nest mates, and 
birds may thus target one another 
when laying parasitically (Andersson & 
Åhlund 2000). It has also been 
documented that parasites laying the 
most eggs in host nests are more 
related to hosts than secondary 
parasites, laying fewer parasitic eggs 
(Andersson & Åhlund 2000), a result 
corroborated  by  our  finding  of  a  
positive correlation between the 
degree of parasitism and relatedness. 
 Hosts were found to reduce their 
own  clutch  size  in  response  to  
parasitism, and the degree of host 
clutch reduction was positively 
correlated with host-parasite 
relatedness (figure 6) This latter 
finding that host clutch reduction was 
correlated with relatedness to 
parasites is novel and it may indicate a 
response to inclusive fitness benefits 
available from CBP. 
 A  p o s s i b l e  a l t e r n a t i v e  
explanation for host clutch reduction 
is that parasites preferentially target 
hosts that lay smaller clutches (Brown 
& Brown 1989). In contrast, both 
Andersson & Eriksson (1982) and 
Erikstad & Bustnes (1994) found 
evidence for host clutch reduction 
being a response to experimentally 
added ‘parasite’ eggs. Nevertheless, 
host quality may play at least some 
role in host clutch reduction, as I also 
found that older hosts did not show a 
decrease in their own brood size 
despite being more heavily parasitized 
(IV). A second alternative explanation 
could  be  that  hosts  lay  more  eggs  
parasitically when they themselves are 
heavily parasitized. I considered this 
possibility, but I did not find any 
support for a correlation between 
received and donated parasitic eggs. 
 The positive correlation between 
host-parasite relatedness and the 
Figure  6.  50%  and  95  %  Bayesian  confidence  
regions  for  the  regression  coefficients  from  a  
generalized linear model of the effects of host-
parasite relatedness and the number of parasitic 
offspring received on the number of own eggs 
laid by hosts (assumed to be Poisson 
distributed). For more details regarding this 
figure see chapter II. 
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degree  of  host  clutch  reduction  may  
indeed indicate the presence of 
inclusive fitness benefits from CBP, so 
that hosts reduce their clutches in 
order to facilitate parasitic laying by 
relatives. The theoretical finding of 
host clutch reduction in the presence 
of relatedness supports this notion (I). 
Contrastingly, it may represent a by-
product of hosts simply responding to 
a higher degree of parasitism from 
relatives. Experiments, as suggested 
by  Lyon  and  Eadie  (Lyon  &  Eadie  
2008), are needed to tease these two 
alternative explanations apart.  
Whichever is the case, the outcome 
found in this study is of importance: 
while the total number of ducklings 
hatched in host nests remained 
unaffected by relatedness to parasites, 
host-parasite relatedness significantly 
elevated the proportion of hatching 
parasitic young, strongly indicating 
the  presence  of  a  mechanism  to  kin-
biased  egg  donation  controlled  by  
parasites, by hosts, or by both. 
 
Nest desertion and CBP (III) 
 
Al though successfu l  Barrow's  
goldeneye nests are characterized by 
parasitism by relatives and host clutch 
reduction, many clutches never hatch. 
Nest desertion and predation are 
factors leading to nest failure, the first 
of which is particularly interesting 
because it  is  in  many cases  the  result  
of an active decision-making process 
by the deserting female. To clarify the 
basis for nest desertion decisions, I 
explored the following potentially 
important factors: the number of 
parasitic  eggs  (CBP),  own  clutch  size,  
date of the first laid egg, age, body 
condition, temperature during 
incubation and yea r.  I  a lso  
documented the frequency of CBP in 
the population. The frequency of CBP 
in  the  population  was  found  to  be  
higher (58% of nests) than previously 
reported for the species (35% of nests; 
Eadie & Fryxell 1992). The presence of 
parasitic eggs also had a profound 
effect on the nest desertion decisions 
of nesting females (figure 7), as our 
model selection procedure indicated 
that CBP, hosts own clutch size, and a 
year effect best predicted the 
probability of nest desertion. 
 It  has  been  suggested  that  CBP  
only inflicts marginal costs to parents 
of precocial species (reviewed in Eadie 
et al. 1988). Our finding that CBP 
elevates nest desertion propensity 
contradicts this view. CBP would be 
able  to  persist  in  a  population  as  
selectively neutral to hosts if the extra 
offspring would, as suggested, only 
require unshared forms of parental 
investment (sensu Lazarus & Inglis 
1986). That CBP inflicts considerable 
costs for altricial species is known, 
and these species have indeed 
developed effective countermeasures 
against CBP, such as accurate egg 
recognition (e.g. Lyon 2003b). Even 
semi-altricial species such as 
moorhens (Gallinula chloropus) have 
been found to counteract CBP through 
similar mechanisms as revealed by our 
study, i.e. by deserting their clutches 
and re-nesting elsewhere (McRae 
1995). Nest desertion in Barrow's 
goldeneyes may thus represent host 
means by which to mitigate the 
negative impacts of CBP. 
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 In contrast to the breeding 
biology typical of moorhens, I did not 
record any re-nesting by females who 
had abandoned their nests during the 
entire four-year study. Therefore, nest 
desertion incurs a considerable loss of 
current reproductive effort to hosts. 
The abandonment of a heavily 
parasitized nest does not only incur a 
loss for the deserting host, but also 
for the parasites who laid eggs in that 
nest. Thus, parasites may benefit from 
spreading their eggs in several nests 
to avoid host desertion, and/or from 
parasitizing relatives more frequently. 
Parasites have been suggested to 
spread eggs in several nests in order 
to  diminish the  risk  of  nest  predation 
(Payne 1977). This notion has later 
been rejected by several studies 
(Bulmer 1984, Lyon 1993a, Pöysä & 
Pesonen 2007), but some studies still 
claim support for the notion (Brown & 
Brown 1989, Alves & Bryant 1998). 
Spatial assessment of relative 
predation risk has been suggested as 
an alternative to risk spreading (Pöysä 
1999, Pöysä & Pesonen 2007). This 
explanation results in parasites 
targeting safe nests (Pöysä 1999, 
Pöysä & Pesonen 2007), which in turn 
may focus parasitizing to fewer nests, 
elevating the number of parasitic eggs 
in safe host nests. According to our 
results,  this  may  elevate  the  risk  of  
host nest desertion. However, relatives 
may accept eggs more readily and 
even make room for the parasitic eggs 
(II). Such behaviour may decrease the 
host’s need to desert its nest and may 
be a component underlying the 
finding of host clutch reduction in 
successfully hatched nests (II), thereby 
indicating benefits of host-parasite 
cooperation. 
 In addition to CBP, the host’s 
own clutch size seemed to elevate host 
propensity to desert their nests. This 
finding as such seems to contradict 
the expectation that parents should 
invest  more  in  larger  clutches  as  the  
result of higher expected fitness 
returns (Williams 1966). However, this 
result should be interpreted with 
extreme caution due to the low protein 
variability in the fingerprinting 
technique used to identify host and 
parasite eggs. This low variability may 
have caused us to classify parasitic 
eggs as host eggs, so overestimating 
the effect of own eggs and 
underestimating  the  effect  of  CBP  on  
nest desertion propensity. The 
question how hosts’ own clutch size 
affects nest desertion propensity, 
thus, remains open. 
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Figure 7. The relationship between the 
probability of nest desertion and the number of 
non-natal eggs. Probabilities are calculated 
based on Equation 1 in chapter III.  A  random  
jitter  with  the  mean  of  zero  and  standard  
deviation  of  0.15  was  added  to  the  variable  
‘non-natal eggs’, to visualize overlapping data 
points. For more details regarding this figure 
see chapter III. 
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 Although our results indicate a 
cost of CBP to hosts, the net outcome 
of CBP also depends on the potential 
benefits available (I), and these 
benefits should be considered for the 
entire breeding cycle from egg laying 
to offspring independence. Acceptance 
of parasitic eggs may provide direct 
fitness benefits for the recipient, by 
elevating the survival of young 
through dilution of predation risk 
(Eadie et  al. 1988, Whitfield 2003, 
Boland 2003), or indirect fitness 
benefits through rearing offspring 
received from close kin (Andersson 
2001, Lopez-Sepulcre & Kokko 2002; 
I, II). Indeed, there are indications of 
positive effects of brood size on 
offspring survival in Barrow's 
goldeneyes (Smith et al. 2005),  and  
other precocial species such as white-
winged  scoters  (Melanitta fusca 
deglandi; Kehoe 1989), eiders (Öst et 
al. 2008) and geese (Lepage et al. 1998, 
Loonen et  al. 1999). Thus, females who 
are  able  to  overcome  the  cost  of  
incubating a larger clutch may be able 
to  enhance  their  fitness  (IV). There is 
also  a  growing  number  of  studies  
suggesting the presence of inclusive 
fitness benefits and altruism within 
CBP systems in several species 
(Andersson & Åhlund 2000, Roy 
Nielsen et  al. 2006b, Waldeck et al. 
2008; I, II). 
 
Age and CBP (IV) 
 
The role of age in the selection of egg 
recipient tactics remains unexplored. 
Receiving parasitic eggs could be 
conditional  on  age  due  to  the  actions  
of both hosts and parasites. Assuming 
that parasitism is solely detrimental 
and that parasites target hosts at 
random, older females may be less 
parasitized, because they may be more 
efficient at deterring parasitism. If, on 
the other hand, parasitism incurs no 
cost to hosts, the age distribution of 
egg recipients may be random. 
 Several lines of evidence 
nevertheless suggests that host age 
may be positively related to the 
probability of receiving parasitic eggs. 
Because avian incubation capability 
increases  with  age  (e.g.  Ardia  &  
Clotfelter 2007, Angelier et al. 2007), 
and incubating enlarged clutches is 
energetically expensive (e.g. Monaghan 
& Heaney 1996), older females may be 
more likely to hatch supernormal 
clutches. Owing to their superior 
incubation capabilities, older breeders 
may also be  able  to  avoid a  reduction 
in  their  own clutch size  (Andersson & 
Eriksson 1982, Erikstad & Bustnes 
1994, Lyon 1998; II), which is 
potentially maladaptive (Lyon 2003b). 
Low costs of post-incubation, typical 
of species producing precocial 
hatchlings, may further increase the 
incentive of hosts to care for parasitic 
young. In these species, hosts may 
actually accrue benefits from receiving 
eggs, realized at the post-hatching 
stage (e.g. Eadie & Lumsden 1985, 
Lepage et al. 1998). 
 Another, non-exclusive mecha-
nism generating a positive correlation 
between host age and occurrence of 
CBP may be that parasites target 
individuals with a breeding history in 
the population. Pöysä (2006) found 
that parasitic common goldeneyes 
prospect nests after the breeding 
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season in order to assess the success 
of the prospected nests. Observing the 
fates of nests provides parasites with 
information about the relative safety 
of nest sites, and therefore hosts with 
successful breeding histories in the 
population may be more prone to 
receive parasitic eggs than e.g. first-
time breeders. 
 The objectives of this study were 
to explore the relationships between 
host  age  and  the  degree  of  CBP  and  
brood survival. I also investigated the 
effects  of  host  age  on  the  host’s  own  
brood  size  and  the  total  number  of  
hatched young. Our results showed 
that the amount of parasitic offspring 
in  host  nests  increased  with  age  
(figure 8a), although the number of 
the host’s own young were unrelated 
to age (figure 8c). The elevated 
parasitism rate of older breeders was 
not an artefact of age-related 
differences in the timing of breeding 
(Rohwer & Heusmann 1991). The 
number of hatched young (figure 8b) 
and the proportion of hatched broods 
surviving  to  the  age  of  21  days  also  
increased  with  age  (figure  8d). The 
improvement in reproductive output 
with increasing age was not 
confounded by breeder body 
condition, which potentially affects 
brood-rearing ability (Yerkes 2000, 
Paasivaara & Pöysä 2007). It is also 
unlikely that our findings would solely 
be  the  result  of  old  high-quality  
females nesting disproportionately on 
high-quality lakes, as female 
incubation body weight, nest initiation 
date, clutch size and egg weight were 
unrelated to invertebrate biomass in 
the brood-rearing lake in the same 
population (Evans 2003). However, 
older females may be selecting high 
quality nest sites using other cues, 
such as nest site safety (Pöysä 
2006).To summarize, our results 
indicate  that  older  females  have  a  
larger reproductive output despite 
being more heavily parasitized. 
 The  finding  that  older  females  
received more parasitic eggs may be 
the result of at least three not 
mutually exclusive processes. Firstly, 
young birds receiving similar amounts 
of parasitic eggs may have been 
incapable of successfully completing 
their incubation, precluding our 
sampling of such broods due to nest 
desertion. However, female age did not 
seem to play  a  role  in  explaining nest  
desertion patterns (III). Secondly, 
goldeneyes have been documented to 
assess the relative safety of host nests, 
parasi tizing safer si tes more 
frequently (Pöysä 1999, Pöysä 2006), 
thus elevating the survival prospects 
of  their  parasitic  offspring  (Pöysä  &  
Pesonen 2007). If older females are 
superior at incubating and rearing 
young, parasites may benefit from 
targeting  such  females  as  a  by-
product of selecting safe nest sites. 
Thirdly, higher per capita offspring 
survival in larger broods (e.g. Smith et 
al. 2005) may act as an incentive for 
older females to accept parasitic eggs 
in expectation of fitness benefits 
realized during the post-hatch period. 
However,  in the absence of 
experiments, it is unclear whether the 
increased brood success of older 
females indicates the presence of 
direct benefits from larger broods 
resulting from CBP. Older females may 
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also have higher brood rearing 
potential. In chapter I,  the  number  of  
parasitic eggs increased with 
increasing host quality in cases where 
hosts  could  not  recognize  eggs.  If  
older females are truly of higher 
quality,  the  results  of  this  study  may  
support the findings of chapter I. In 
our theoretical study, however, hosts’ 
clutch sizes (as well as the number of 
parasitic eggs received) increased in 
tandem with increasing quality. This 
positive correlation between host 
quality  and  clutch  size  may  be  the  
outcome of a lack of egg recognition 
ability, forcing individuals to lay 
progressively more own eggs as total 
clutch size increases, in order to keep 
the  ratio  of  own  to  parasitic  eggs  
favourably high. Our finding that own 
brood  size  did  not  increase  with  age  
(IV) contrasts with our theoretical 
expectations, and may represent the 
outcome of some other,  yet  
unidentified process. 
 Older females did not reduce 
their clutches in the face of 
parasitism, but seemed able to avoid 
the potentially maladaptive decrease 
in own reproduction (Lyon 1998; 
figure  8c).  This  finding  is  remarkable,  
considering that host clutch reduction 
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Figure 8. Relationship between the minimum age of females and (a) the  number  of  parasitic  
young, (b) the number of hatched young, (c) the  number  of  own  young  and  (d) brood success 
measured as the proportion of young surviving to the age of 21 days. For more details regarding 
this figure see chapter IV. 
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as a response to parasitic laying was 
verified in the same population (II, IV). 
Host clutch reduction also correlated 
with host-parasite relatedness (II). I 
was unable to find a connection 
between host age and relatedness to 
parasites (own data). This lack of 
connection between age  and 
rela tedness,  toge ther with a 
potentia lly  h igher  incubation 
capability, may be a factor explaining 
the lack of clutch reduction, although 
causality  cannot  be  inferred  based  on  
these correlational data. 
 
 
4. Implications & future prospects 
 
Methodological implications 
 
The protein fingerprinting method 
used in chapter III has been used 
successfully in several species of birds 
(Andersson & Åhlund 2001, Andersson 
& Waldeck 2007, Duda et  al. 2008). 
These studies have found ample 
variation in albumen proteins, allowing 
for detailed studies of band sharing 
and thus relatedness between 
individuals. In chapter III, it is evident 
that the variability of Barrow's 
goldeneye albumen protein is 
seemingly deficient for such fine-
scaled analyses, and the recognition of 
parasites already presented its own 
difficulties. Oddly, the method has 
been successful in the very same 
laboratory for a closely related species, 
the common goldeneye (Andersson & 
Åhlund 2000, Andersson & Åhlund 
2001), as well as for a taxonomically 
more distant species, the black-headed 
gull (Larus ridibundus; Duda et al. 
2003, Duda et al. 2008). 
 
Unresolved issues 
 
CBP may result in clutch enlargement 
if hosts do not react by reducing their 
clutches (II, IV).  If  hosts  manage  to  
overcome the potential costs involved 
(III, IV), they may hatch larger broods, 
which in turn may provide direct 
benefits by reducing the per capita 
predation  risk  of  young  (Kehoe  1989,  
Smith et al. 2005, Öst et al. 2008). The 
connection between clutch size and 
offspring survival is still not fully 
established due to the mixed results 
yielded from controlled experiments 
(Eadie & Lyon 1998, Lepage et  al. 1998, 
Loonen et  al. 1999). Therefore, the 
potential direct fitness benefits 
afforded by CBP in terms of clutch and 
brood enlargement ,  a l though 
theoretical ly  possible,  remain 
unknown. 
 An issue that may require 
further clarification is the connection 
between host clutch size and total 
clutch size (i.e., the sum of host and 
parasitic  eggs)  in  host  nests.  In  
chapters I, II and IV, I found both 
theoretical and empirical support for 
the presence of host clutch reduction. 
Do hosts reduce their clutches to 
facilitate the laying of related 
parasites,  or  to  avoid  too  large  a  
clutch? In chapter III, I found 
indications of a potential positive 
effect  of  own  clutch  size  on  the  
probability of nest desertion. Although 
this result may indicate the necessity 
to  keep  total  clutch  size  within  
bounds imposed by the females’ 
physiological ability to secure 
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successful hatching of their clutch, 
this central question remains open 
due to methodological shortcomings. 
 CBP, as viewed in this thesis, 
may potentially incur both costs and 
benefits to hosts. Thus, an interesting 
but so far unresolved question is: who 
has  control  over  the  addition  of  eggs  
into host nests? According to some 
studies, the parasites are in control, by 
successful ly maximizing their 
reproductive output by targeting 
certain  hosts  (Pöysä  1999,  Pöysä  &  
Pesonen 2007), whereas others have 
found that  hosts  are,  at  least  to  some 
extent, in control (Lyon 2003b, Åhlund 
2005). The two differing views are not 
necessarily in conflict or mutually 
exclusive. Intensive observations of 
host-parasite interactions at or in the 
nest may be informative to resolve 
this issue (cf. Åhlund 2005). 
 It has been suggested that 
female ducks can double their 
reproduction by combining nesting 
with parasitism (Åhlund & Andersson 
2001). There are, however, several 
factors brought to light by the 
findings  of  this  thesis,  which  may  
affect the success of the parasitic eggs 
laid by such nesting parasites, so 
possibly reducing the potential for 
doubled fitness. Hosts may abandon 
clutches if parasitized too heavily (III). 
The fitness gains accrued from 
parasitizing  also  depend  on  the  
quality (age) of the host (IV). It is also 
possible that the hatching probability 
of parasitic eggs or the survival 
probability of the parasitic offspring 
are lower than those of natal eggs and 
offspring. There are studies on several 
animal groups showing the possibility 
for hosts to recognize parasitic eggs, 
including birds, insects and fishes 
(Bertram 1992, Wisenden 1999, Lyon 
2003b, Tallamy 2005), and the success 
of parasitic eggs may be much lower 
than  that  of  natal  eggs  (Lyon  1993b).  
F u r t h e r m o r e ,  t h e r e  a r e  
documentations of nepotistic 
behaviour by parents against foreign 
young  within  broods  (e.g.  Nastase  &  
Sherry  1997,  Öst  & Bäck 2003).  In  the  
field seasons of 2006-2007, I made 
some preliminary observations 
indicating  that  adopted  young  may  
have lower survival than natal young 
in Barrow's goldeneye broods of 
mixed parentage.  Such non-
randomness in offspring survival 
probability may also contribute to 
lowering the realized fitness benefits 
of  nesting  parasitism.  However,  if  
nesting parasites can target high-
quality hosts, preferentially ones that 
are also related to them, such hosts 
may confer the parasitic offspring 
with good survival prospects; in such 
cases, the possibility for doubled 
fitness certainly exists. 
 
 
Concluding remarks 
 
In this thesis, I have demonstrated 
both theoretically and empirically the 
presence of cooperation and conflict 
in  the  in teract i on s  between 
conspecific parasites and their hosts. 
The  view  of  CBP  representing  a  
conflict between parasite and host is 
the traditional perception of this 
alternative reproductive tactic, which 
as such has merit and still has several 
aspects that have not been clarified or 
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explained fully. Examples of such 
aspects are the spatial distribution of 
predation  risk  and  its  effect  on  CBP,  
the role of public information and risk 
spreading, the debate on whether 
hosts or parasites have control over 
pa rasi t i c  lay in g  even ts  (see  
‘Unresolved issues’), as well as the 
energetic  demands  of  CBP  on  
incubating waterfowl. My study 
extends this list by revealing the 
presence of parasitism-induced nest 
desertion by hosts (III) , with 
substantial fitness consequences for 
hosts  and  parasites  alike.  The  
presence of kin-biased egg donation 
and  the  resultant  possibility  for  
inclusive fitness benefits for hosts, as 
well as the corollary possibility for 
cooperative or altruistic behaviours 
between hosts and parasites, are 
intriguing notions that definitely 
w a r r a n t  f u r t h e r  r e s e a r c h .  
Furthermore,  this thesis has 
highlighted  the  need  for  parasites  to  
target the ‘right’ hosts, not only with 
respect to their mutual relatedness 
(II), but also with respect to factors 
such  as  host  age  (IV)  or  quality  (I). 
Indeed, individual quality was found 
to be one of the most central factors 
shaping CBP strategies (I). Such 
findings are in sharp contrast with 
previous conceptions viewing all hosts 
as  identical  from  the  parasite’s  
perspective (e.g. Eadie & Fryxell 1992, 
Takasu 2004), thus opening up new 
avenues of CBP research. 
 The  field  of  CBP  research  has  
traditionally been divided; some 
workers have emphasized the 
conflicting interests of hosts and 
parasites, while others have found 
host-parasite interactions to be driven 
primarily by cooperation. This divide 
between CBP researchers has 
admittedly been narrowed lately, 
especially after the presentation of a 
framework  within  which  to  view  CBP  
in a life history perspective (Lyon & 
Eadie 2008). The first steps have now 
been  taken  toward  the  acceptance  of  
the opposite side of the divide. My 
sincere hope is that my brief foray 
into CBP research, represented by the 
booklet you are holding in your hand, 
will further the narrowing of the 
divide. Especially the theoretical 
findings of chapter I provide the 
possibility to view seemingly 
contrasting results of various studies 
within the same framework. This 
framework may direct future research 
toward more general features 
underlying differences in the patterns 
of CBP between populations or 
species. Such future studies may help 
to  pinpoint  the  ecological  and  social  
conditions or life history traits 
responsible for the great variation in 
patterns of CBP shown by different 
species or even by different 
populations within the same species.
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